Measles is a highly contagious vaccine-preventable disease (VPD) that also commonly affects health-care workers (HCWs). Measles immunization of HCWs was strongly recommended by international health authorities, in order to limit the spreading of the illness to susceptible patients and colleagues. An observational study, evaluating the immunization and vaccination status against measles of HCWs working at three Sicilian university hospitals, was conducted. All subjects not completely immune (vaccinated with only one dose in their lifetime), not immune (not vaccinated or not naturally immunized), and with an unknown immunization status were considered not immunized. Among HCWs operating in the three Sicilian university hospitals, 54.6% were not immune against measles. The average age of not immune HCWs was 51.3 (SD ± 9.8), ranging between 25 and 71 years old. In particular, 46.9% of HCWs not immunized worked in "at-risk" hospital units, based on medical conditions of patients which increases the probability of contracting an infection. Vaccination coverage rates observed against measles are considerably lower than other European countries and inadequate. It is therefore crucial to tackle vaccine hesitancy among HCWs, promoting strategies targeted to evaluate immunization status against VPDs and to significantly increase vaccine coverages, such as tailored training and vaccination offer or compulsory vaccination programs.
Introduction
Measles is a highly contagious vaccine-preventable disease (VPD) with major epidemics occurring around every 2-3 years [1] . Even though a safe and cost-effective vaccine is available, 110,000 measles deaths globally were reported in 2017, mostly between children under the age of five years [1, 2] .
Since January 2016, a measles epidemic has been ongoing in all European Union countries, with over 50,000 cases reported [3] .
From 1 January to 31 December 2018, 2526 measles cases were reported in Italy (incidence 42 cases per million inhabitants), of which 44% occurred in Sicily, the Italian region that also registered the highest incidence (222 cases per million) [4] . Among Italian health-care workers (HCWs), 115 cases were observed of which: 90 were not vaccinated, 12 cases were vaccinated with one single dose, and 3 cases were vaccinated with two doses. For one case, the number of doses administered was not clear and for nine cases, the vaccination status was unknown [4] . The median age of HCWs was 35 years and 51 HCWs (47%) developed at least one complication [4] .
Measles immunization was strongly recommended by international and national health authorities, due to possible spreading to susceptible patients and the increasing risk of HCWs to contract the disease (2 to 19 times higher than the general population) [5] [6] [7] [8] .
In Sicily, the Regional Health Department adopted a specific legislation for prevention and control of the measles epidemic among HCWs, including the reporting of the vaccination and immunization status of health-care personnel operating in the regional area, with an active and free of charge offer of vaccination for not immune subjects [9, 10] .
Several surveys evaluated measles immunization and vaccination rates of Italian HCWs, bringing out a wide and always inadequate range of vaccination coverage [11] [12] [13] [14] .
This study investigates immunization and vaccination status against measles in Sicilian HCWs, operating in the three Sicilian university hospitals of Catania (UHC), Messina (UHM), and Palermo (UHP), in order to plan future vaccination strategies, especially among personnel working in hospital units at higher risk for contracting and transmitting measles infection.
Materials and Methods

Data Collection
A survey was conducted between May and July 2018 through a questionnaire, administered to HCWs working in UHC, UHM, and UHP, that accounts for 1748, 1789, and 1755 employees, respectively. Palermo, Catania, and Messina are the three major Sicilian cities, accounting for 663,770, 311,777, and 231,708 inhabitants, respectively, and the only cities with a university hospital in their area.
The recognition of the immunization and vaccination status against measles was based on national and regional decrees, in order to contrast the Italian measles epidemic that began in 2017 [9, 10] .
The questionnaire was divided into the following sections: (a) socio-demographic data: age, gender; (b) working activity data: type of health-care professional and hospital units (divided in "at-risk" and "not at risk" on medical conditions of hospitalized patients, which increases the probability of contracting an infection); (c) vaccination status and/or immunization status against measles, divided in: naturally immune, artificially immune (vaccinated with at least two doses), not completely immune (vaccinated with only one dose), not immune (not vaccinated and not naturally immunized), unknown immunization status.
Specifically, hospital units were considered "at-risk" if the majority of the patients admitted at the same hospital were affected by severe chronic medical conditions (such as cardiology, pulmonology, or intensive care units) Three different methods for data detection were carried out: (1) at the UHC, a printed questionnaire was administered during the routine medical visit at the occupational medicine unit; (2) at the UHM, a printed questionnaire was directly administered for each hospital unit by the personnel operating in the hospital management; (3) at the UHP, an online questionnaire was administered throughout personal web page on the hospital web-site (restricted to unauthorized users), with a mandatory request that automatically blocked the access to the reserved area of wages sheets and attendances summary.
The ethical approval was obtained from the Ethics Committee of the University Hospital of Palermo (Palermo, Italy), in September 2017 (n.10/2017).
Statistical Analysis
All the information collected through the questionnaire was entered into an electronic database created by Excel 16.0 software (Microsoft Corporation, Redmond, USA).
The sample was stratified by gender, age group, professional profile, and hospital unit. Quantitative variables were normally distributed and summarized as means with their standard deviations. Differences in means were compared with the Student t-test for a paired sample.
Absolute and relative frequencies were obtained for qualitative data (gender, professional profile, hospital unit, vaccinations/immunization status, etc.). Data analysis was performed using STATA14 ® software (StataCorp, Lakeway, USA).
Results
As reported in Table 1 , 2913 out of 5328 HCWs (response rate 54.7%) working in the three Sicilian university hospitals responded to the questionnaire. Mean age was 48.2 (SD ± 10.2) years among HCWs of UHC, 49.5 (SD ± 10.5) years among HCWs of UHM, and 52.0 (SD ± 9.1) years among HCWs of UHP. The most represented age group was >50 years old, particularly in UHP, while HCWs aged ≤40 years old was more prevalent in the UHC (25.5%). More than 50% of respondents were females (57.4% Catania; 60.6% Messina, and 52.4% Palermo, respectively). The most represented HCWs category was constituted by nurses, health-care assistants, and midwives (60.2% UHC; 57.3% UHM; 52.3% UHP), followed by medical doctors (32.6%UHC; 35.5% UHM; 34.3% UHP), and other health-care technicians. Almost half of the sample worked in "at-risk" hospital units (58.1% in UHC; 41.8 % UHP; 51.5% UHM). In Table 2 , self-reported immunization and vaccination status against measles is reported. More than half of the HCWs working at the UHC was naturally immune against measles (56.6%), in contrast with data reported at the UHP (39.8%) and UHM (16.2%). On the other hand, the higher prevalence of vaccinated HCWs was observed at UHM (17% that received at least two vaccination doses).
Finally, among HCWs operating at the UHP, 17.5% were not completely immunized and 28% did not know or did not remember their immunization/vaccination status. Overall, over 35% of HCWs of Catania and Palermo and 65% of Messina were not immune or not completely immune (received only one vaccination dose) against measles.
Specifically, as shown in Table 3 , 1591 out 2913 (54.6%) HCWs operating in the three Sicilian university hospitals were not immune against measles. The average age of not immune HCWs was 51.3 (SD ± 9.8), ranging between 25 and 71 years old. HCWs not immune at UHC (mean age 42.3 years, SD ± 10.1) were younger than UHM and UHP. The most represented age group of not immune HCWs against measles, in the Sicilian university hospitals, was ≥51 years old (56.4%), followed by 41-50 years old (30.1%).
Among not immune respondents, 59.8% were nurses, health-care assistants, and midwives, 29% medical doctors, and 11.2% other health-care technicians.
Overall 46.9% of HCWs worked in "at-risk" hospital units, with a wide range between UHC (52.6%) and UHP (50%), compared to UHM (40.1%) (see Table 3 ).
Discussion
Measles is a highly contagious, acute illness that could be transmitted to 75−90% of susceptible individuals in nearby places, such as health-care facilities [15] .
Measles outbreaks among HCWs play a significant role in its transmission and generation of several cases with severe morbidity and mortality, high correlated costs, still in countries with long-lasting two-dose vaccination schedule [16, 17] .
The present survey highlighted an overall natural immunity rate against measles of 37.5% that, similarly to other developed countries, was observed in particular among HCWs ≥40 years old. In Italy, measles vaccination has been recommended at infancy since 1979. Since 1999, a circular of the Health Department recommended a trivalent vaccine: measles-mumps-rubella (MMR), for the control and elimination of these vaccine preventable diseases [18] . Despite these public health measures, a complete eradication of measles in Italy is far-distant. During the last two decades, measles vaccination coverages among children of 24 months and six years of age remain considerably lower than 95% recommended [19] . Also, among Italian HCWs, vaccination coverage against measles, mumps, and rubella remain very low [20] .
Immunization rates against measles observed among HCWs operating in the three Sicilian university hospitals are totally inadequate in terms of preventing not only disease transmission by susceptible HCWs, but also nosocomial outbreaks.
In comparison with other European countries, data on measles vaccination adherence in Italy are lower. A study carried out among Austrian resident pediatricians showed high self-reported immunization rates against measles (99.2%) [21] .
Moreover, a survey conducted among general physicians of the Loire Region (France), 64% of respondents stated to be immunized against measles [22] . On the other hand, Greek HCWs showed lower vaccination rate against measles (33%) [23] .
In Italy, vaccination coverage for measles was indirectly associated with age, with younger HCWs that was vaccinated more than older, due to universal vaccination strategies started from 1990 and targeted to infant and adolescents [18] .
In Italy it has been estimated that HCWs accounted for 7% of overall notified cases in Italy in the measles epidemic that occurred between 2017 and 2018 [24] .
Regarding the epidemiological evaluation of measles epidemics that occurred in the three Sicilian UH analyzed, despite the measles circulation in Sicily in 2018 being the highest among Italian regions and one of the higher among European countries with 222.4 cases per 100,000, only one case of measles was notified, at the University Hospital of Messina, in a young medical resident [4, 8] .
Furthermore, during the current measles epidemic involving Europe, due to the not protective vaccination coverage among HCWs, health-care-associated transmission accounted for a critical proportion of the measles-associated burden, that also affect young HCWs [4, 25, 26] .
Measles nosocomial infections are of particular concern in hospital units where there are patients at high risk of complications or severe diseases, such as immunocompromised patients and pregnant women [27] . Moreover, HCWs could be easily infected with a vaccine-preventable disease and could also transmit the infection to colleagues and vulnerable patients, particularly during the incubation or prodromal phase periods [17] .
For all these reasons, the assessment of the immunological status of HCWs appears preeminent for preventive and occupational medicines [28] .
Misdiagnosis of measles cases upon entering in emergency department is almost always a common denominator of several measles nosocomial outbreaks, making it difficult to contrast the infection spread with standard control measures (such as contact tracing, isolation, or post-exposure prophylaxis with measles vaccination) [8, 16, 29] .
During the last decades, several factors have contributed to a decline in vaccination confidence, including the skepticism related to the effectiveness and safety of MMR vaccine [30, 31] .
Communication and education of HCWs regarding measles infection, measles vaccination, and barriers to vaccination are fundamental issues to achieve high vaccine uptake among HCWs and promote measles vaccination among patients [32] . In light of the recent outbreaks, a review of vaccination strategies in Italy against measles, including a mandatory vaccine administration for not immunized HCWs, should be reconsidered [33] .
In Europe, only 17 out of 30 countries strongly recommend measles immunization for all HCWs, including Finland where measles vaccination is mandatory [34, 35] .
Some limitations affect the present study. Firstly, a lack of representativeness of our sample should be taken into account. Apart from the UH of Palermo, response rates of the Catania and Messina UHs are considerably lower than 50% of HCWs and this could not exclude a major representative of participants with positive attitudes towards measles vaccine. However, observing the consistency between results and vaccination coverage rates with different studies conducted in Italy and Europe, this limitation could only marginally affect the results of the study [12, 15, 21] . Moreover, the questionnaire was self-administered and it may suffer from recall bias. In particular, the evaluation of the not-immune HCWs against measles (not vaccinated/not naturally infected), in the absence of the laboratory immunological evaluation, can be altered by the fact that the infection may have been asymptomatic or the disease dates back to many years before and may not be remembered. To limit this, in all three university hospitals, concerted campaigns were organized between preventive and occupational medicine services, to recall all HCWs in order to evaluate the immunization status against measles and actively offer measles vaccination to those not immune.
Conclusions
According to data reported, immunization status against HCWs operating in the three university hospitals of Sicily, is consistently lower than recommended to limit nosocomial transmission of the disease. Vaccination strategies adopted in Italy from 1999 to date, prevalently at infancy and adolescence, did not concern the large majority of HCWs actually operating in Italian health-care facilities, that are protected against measles mostly due to contracting the natural infection.
It is therefore crucial to tackle low vaccination adherence and vaccine hesitancy among HCWs, by identifying effective strategies able to evaluate immunization status and significantly increase vaccine coverage, such as specific training dedicated to HCWs, vaccination administration at the workplace or promoting compulsory vaccination programs.
Only reaching adequate vaccination coverages against measles of HCWs could limit the risk of nosocomial measles outbreaks and avoid transmission of the disease among patients. 
